
1. ( 8 points):
(i) (2 pts) Four vectors all have the same magnitude. Vector 1 is at 30°, Vector 2 is at 135°, vector 

3 is at 240°, and Vector 4 is at 315°. Which vector has the greatest magnitude x-component and
which vector has the greatest magnitude y-component respectively?

a) Vector 1, Vector 3

b) Vector 3, Vector 4

c) Vector 1, Vector 2

d) Vector 2, Vector 3

e) Vector 4, Vector 2

(ii) (2 pts) Two of three forces exerted on an object are shown. The net force 
points to the left. What is the missing third force? 𝑭𝑭𝟏𝟏

𝑭𝑭𝟐𝟐

𝑭𝑭𝟑𝟑 𝑭𝑭𝟑𝟑

𝑭𝑭𝟑𝟑 𝑭𝑭𝟑𝟑

(a) (b) (c) (d) (e)
None of these

4. ( 8 points):
(i) (2 pts)  Which of the following graphs could correctly represent the motion of an object moving 

with a constant nonzero velocity?    
a) Graph IV only

b) Graphs II only

c) Graph II  and V only

d) Graph I and IV only

e) Graph II and V only     



1. ( 8 points):

(i) (2 pts) Two vectors, 𝑨𝑨 and 𝑩𝑩 have equal magnitude. Vector 𝑨𝑨 points north, and vector 𝑩𝑩 points 
east. If 𝑪𝑪 = 𝐵𝐵 − 𝑨𝑨, then vector 𝑪𝑪 points:

a) north of east

b) south of east

c) north of west

d) south of west 

(ii) (2 pts) Two of three forces exerted on an object are shown. The net force 
is zero. What is the missing third force?

(iii) (4 pts) Two ropes are attached to a 80.0-kg object. The first rope applies a force of 24 N and the 
second, 32 N. If the two ropes are perpendicular to each other as shown in the figure, what is the 
resultant acceleration of the object?

Top view



5. ( 8 points):

Question (i) and (ii): The baseball in the figure below travels through the air.

(i) (2 pts) At what point(s) on its trajectory is the speed zero?

a) At the highest point on its trajectory. 

b) Immediately before contact with the ground.     

c) At the lowest point on its trajectory. 

d) The speed is never zero. 

e) Immediately after contact with the bat. 

(ii) (2 pts) At what point(s) on its trajectory is the force on the ball zero?

a) Immediately before contact with the ground. 

b) The force is never zero.     

c) Immediately after contact with the bat. 

d) At the highest point on its trajectory. 

e) At the lowest point on its trajectory. 

(iii) (4 pts) A rock is thrown horizontally with a speed of 15 m/s from a vertical cliff of height 30 m.

a) How long does it take to reach the horizontal ground below? 

b) How far will it land from the base of the cliff?  

c)  What is the magnitude of the velocity of the rock just before it hits the ground? 



5. ( 8 points):

(i) (2 pts) The drawing shows projectile motion at three points along the trajectory. The speeds at the 
points are v1, v2, and v3 . Assume there is no air resistance and rank the speeds, largest to 
smallest. (Note that the symbol ">" means "greater than.")

a)  𝑣𝑣1 > 𝑣𝑣3 > 𝑣𝑣2
b) 𝑣𝑣1> 𝑣𝑣2 > 𝑣𝑣3
c)   𝑣𝑣2 > 𝑣𝑣3 > 𝑣𝑣1
d)   𝑣𝑣2 > 𝑣𝑣1 > 𝑣𝑣3
e)   𝑣𝑣3 > 𝑣𝑣2 > 𝑣𝑣1

(ii) (6 pts) John throws a baseball from the outfield from shoulder height of 1.6 m, at an initial 
velocity of 28.0 m/s at an initial angle of 30.0° with respect to the horizontal. The ball is in its 
trajectory for a total interval of 3.00 s before the third baseman catches it at an equal 
shoulder-height level. (Assume air resistance negligible.) What is the ball's:

a) Horizontal displacement?
b) Maximum height?
c) Final speed (just before been the ball is caught)?



(ii) (6 pts) A woman at an airport is towing her 23.5-kg suitcase at 
constant speed by pulling on a strap at an angle θ above the 
horizontal. She pulls on the strap with a 33.0-N force, and the 
friction force on the suitcase is 20.0 N. 

(a) Draw a free-body diagram of the suitcase. 

(b) What angle does the strap make with the horizontal?  

(c) What is the magnitude of the normal force the ground exerts 
on the suitcase? 

3. ( 8 points)

(i) (2 pts) A crate of weight W is being pushed across a horizontal surface 
by a force directed at an angle, θ = 20° below the horizontal. What is 
the magnitude of the normal force on the crate?

a) It is less than W.

b) It equals W.

c) It is more than W.

d) None of the above since the coefficient of kinetic friction is not given

θ



(ii) (6 pts) A truck on a straight road starts from rest, accelerating at 2.00 m/s2 until it reaches a 
speed of 21.0 m/s. Then the truck travels for 73.0 s at constant speed until the brakes are 
applied, stopping the truck in a uniform manner in an additional 5.00 s. 

(a) How long is the truck in motion?   

(b) What is the acceleration of the truck in the last leg when it slows down?

(c) What is the total distance traveled by the truck? (Hint: You have to find displacement for three 
parts of the truck’s motion)



6. (8 points)

(For parts i, and ii):   A rock of mass  3.80 kg is tied to a string and 
made to revolve in a vertical circle of radius 0.715 m, as in the figure 
in right. If the rock's speed is a constant 4.75 m/s .

(i) (2 pts) Which of the following figures is the free-body diagram of 
the rock at the bottom?

r

v
m

(ii) (6 pts) a) What is the tension on the string when the rock is at the bottom of the vertical circular 
motion described above?

b)  Draw Free Body diagram of the rock at the top.

c)  What is the tension on the string at the top?



7. ( 8 points)

(i) (2 pts) A box of mass m is placed on an incline with angle of inclination θ. The box does not 
slide. The magnitude of the frictional force in this case is:

a) 𝜇𝜇𝑠𝑠𝑚𝑚𝑚𝑚 sin 𝜃𝜃

b) 𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚 cos 𝜃𝜃

c) 𝑚𝑚𝑚𝑚 sin 𝜃𝜃

d) 𝑚𝑚𝑚𝑚 cos𝜃𝜃

e) 𝜇𝜇𝑘𝑘𝑚𝑚𝑚𝑚 sin 𝜃𝜃

(ii) (6 pts) A block of mass m = 5 Kg is sliding down a 
rough inclined plane at constant velocity. The angle of 
the incline is   θ = 25°. 

a) Draw a free body diagram for the block.

b) What is the acceleration of the block?

c) What is the magnitude of  the normal force acting on 
the block.

d) Calculate the coefficient of kinetic friction between 
the block and the surface of the incline.



(ii) (6 pts) The  horizontal force shown in the figure below is applied to a 12-kg cart across a 10-m 
level frictionless surface. Suppose the cart is initially at rest.

a) What is the work done by the force?

b) Using Work-Energy theorem, find the cart’s final velocity.

c) Suppose the road has friction. If the cart’s final velocity is 2.5 m/s, what is the work done by the 
force of friction?

8. ( 8 points)
(i) (2 pts) A tennis ball (mass = 0.065-kg) moving to the right with a speed of 15 m/s is struck by a 

tennis racket, causing it to move to the left with a speed of 15 m/s.  If the ball remains in contact 
with the racquet for 0.020 s, what is the magnitude of the average force experienced by the ball?

a) zero Newtons

b) 98 N

c) 160 N

d) 240 N

e) 320 N



9. ( 8 points)

(i) (2 pts) A speed boat requires 80.0 kW to move at a constant speed of 15 m/s. The resistive force of 
the water at this speed is nearly

a) 7 700 N

b) 5 300 N

c) 6 500 N

d) 2 700 N

e)   1 200 N

(ii) (6 pts) A girl and her bicycle have a total mass of 40.0 kg. At the top of the hill her speed is 5.0 
m/s, and her speed doubles as she arrives the bottom of the hill. The hill is 10.0 m high.

a) What is the mechanical (kinetic energy and potential) energy at the top of the hill?

b) What is the mechanical energy at the bottom of the hill?

c) How much energy is lost to friction?



10. (8 points)

(i) (2 pts) A car is going around a racetrack at constant speed. The curves around the track have 
different radii. In which turn is the magnitude of the car's acceleration the greatest?

a) The acceleration is zero everywhere because of the constant speed.
b) It is the greatest in the turn with the smallest radius.
c) It is the greatest in the turn with the greatest radius.
d) The acceleration is the same everywhere in the track.
e) More information is needed to determine the answer

(ii) (6 pts) Four solid  objects,  each with a mass of 2 kg, are connected with mass-less rods to form a 
square body where L = 0.5m. The whole body rotates about an axis that bisects two sides of the 
square, as shown in figure, with 120 rpm. Determine:

a) The moment of inertia of the whole body about the axis of rotation as shown in the figure.
b) The angular velocity of the body in rad/sec.
c) The rotational kinetic energy.



11. ( 8 points)

(i) (2 pts) Object 1 has twice the mass of Object 2. Each of the objects has the same magnitude 
of momentum. Which of the following statements is true?

a) Both objects have the same kinetic energy.

b) Object 1 has 0.707 times the kinetic energy of object 2.

c) Object 1 has twice the kinetic energy of object 2.

d) Object 1 has 1/4 the kinetic energy of object 2 

e) Object 1 has half the kinetic energy of object 2.

(ii) (6 pts) Two blocks of masses m and 3m are placed on a 
frictionless, horizontal surface. A light spring is attached to 
the more massive block, and the blocks are pushed 
together with the spring between them as shown in the 
figure below. A cord initially holding the blocks together is 
burned; after that happens, the block of mass 3m moves to 
the right with a speed of v3m = 3.00 m/s. 

(a) What is the total momentum of the system before cutting 
the cord?

(b) What is the velocity of the block of mass m? (Assume right 
is positive and left is negative.)

(c) Find the system's original elastic potential energy, taking 
m = 0.420 kg.



12. ( 8 points)

(i) (2 pts) A 5-kg object is moving to the right at 4 m/s and collides with a 4-kg object moving to 
the left at 5 m/s. The objects collide and stick together. After the collision, the combined object:

a) has the same kinetic energy that the system had before the collision.

b) has more kinetic energy than the system had before the collision.

c) has less momentum than the system had before the collision.

d) Has more momentum than the system had before the collision.

e) Has zero kinetic energy.

(ii) (6 pts) The force shown in the figure was acting on a 1.2-kg object moving to the right (along 
the + x axis) at 2 m/s.  Determine the following:

a)  The impulse of the force during the time interval 0.0 – 8.0 s.

b)  The initial momentum of the object.

c) The final momentum of the object.

d) When does the object have its maximum speed?



13. (8 points)

(i) (2 pts) Two spheres, one hollow and the other solid, have the same mass M and same outer radius 
R. If they are both rolling at the same linear speed. Which one has the greater kinetic energy?

a) Both have the same kinetic energy.
b) The hollow one has the greater kinetic energy.
c) The solid one has the greater kinetic energy.
d) More information is needed to choose an answer.

(ii) (6 pts) A window washer is standing on a scaffold supported by a vertical rope at each end. 
The scaffold weighs 400N and is 6.0 m long. The tension, (T1) on the left rope is 1.8 times 
the tension (T2 ) on the right rope. The weight of the man is 700 N.

a) Draw the Free-body-diagram of all the forces acting on the scaffold.
b) At what distance x is the man standing from the left rope? (See figure).
c) What are the tensions T1 and T2.



14.  (8 points)

(i) (2 pts) Tripling the displacement amplitude of an object in simple harmonic motion will 
change the magnitude of the object's maximum velocity by what factor?
a) 0.33
b) 1.0
c) 9
d) 1/9
e) 3

(ii)  (6 pts) A 0.20-kg mass is oscillating on a spring over a horizontal frictionless surface. When it is 
at a displacement of 2.6 cm for equilibrium it has a kinetic energy of 1.4 J and a spring potential 
energy of 2.2 J. During its oscillation: 
a)  What is the total energy of the system?
b)  What is the maximum speed of the mass? 
c)  What is the maximum displacement?  
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